Glucagon and related peptides in fetal rat hypothalamus in vivo and in vitro.
Proglucagon-derived peptides are localized in pancreas, intestine, and the nervous system. We have examined the ontogeny of glucagon and related peptides in developing rat hypothalamus and have developed a fetal rat hypothalamic cell culture model to study the synthesis and secretion of these peptides in cells of neural origin. Fetal rat hypothalamus (19-21 day gestation) was found to contain glucagon-like immunoreactive (GLI) peptides including glucagon. The relative amounts of two of the GLI peptides (glicentin and oxyntomodulin) increased with development such that adult hypothalamus contained a predominance of these peptides over glucagon. The ratio of GLI peptides to glucagon increased from 2.6 +/- 0.5 in fetus to 46 +/- 11 in adult (P less than 0.001). When fetal rat hypothalamic cells (FRHC) were placed into primary culture for 7 days, the presence of neurons, glial cells, and glucagon-containing cells was detected by immunohistochemical staining. Analysis of proglucagon gene expression in FRHC cultures by Northern blotting demonstrated the presence of a single proglucagon messenger RNA (mRNA) transcript identical in size and sequence to that detected in fetal pancreas and intestine. RNase protection analysis of RNA from FRHC cultures, brainstem, and intestine confirmed that the proglucagon mRNA transcripts present in these three tissues were identical. Analysis of FRHC content of GLI peptides and immunoreactive glucagon demonstrated that peptide levels were not significantly different from those of whole fetal rat hypothalamus, and did not vary significantly throughout 2 weeks in culture. FRHC cultures were found to contain substantial amounts of glucagon after 1 week of culture. Release of the GLI peptides on day 7 of culture was increased 3-fold (P less than 0.001) by treatment of FRHC for 1 h with 5 mM (Bu)2cAMP. Rat hypothalamus therefore appears to undergo unique changes in posttranslational processing of proglucagon during development. Primary cultures of FRHC thus provide a promising in vitro model to study the molecular control of proglucagon biosynthesis and GLI peptide secretion in the brain.